The experiments reported herein are based on 77 separate applications of controlled amounts and intensities of artificial rain on plats 6 feet by 24 feet in size. Most of these experi ments were conducted on sparsely-vegetated or bare soils and the discussion and interpretations will be largely limited to hydrologic relationships and related factors which bear directly on hydrologic phenomena.
Equipment and methods--A sprinkler-system, similar in most respects to the D-l apparatus designed by the Soil Conservation Service in cooperation with the National Bureau of Standards, Washington, was used in these experiments. The apparatus consists essentially of four stationary 1.5 "Mulsifyre" nozzles mounted on an overhead frame, by which water may be applied at constant rates to a plat 6 feet wide and 24 feet long and to an 18-inch strip adjacent to the sides and upper end of the plat. With two nozzles in operation, water is applied at a rate slightly in excess of three inches per hour and with four nozzles discharging at a rate of approximately six inches per hour. Since slight variations in rate of application, due possibly to changes of temperature, pressure, elevation, or mechanical operation, were noted in calibrating the appar atus, check-runs were made on each site to determine the exact rate of application. Tnis was accomplished by covering a plat with a waterproofed canvas, applying rainfall, and measuring the rate and volume of runoff which is complete and thus equals rainfall. Satisfactory distribution of water is obtained with drop-sizes comparable to actual rainfall. Runoff is measured volumetrically and timed by increments so that rate of runoff may be calculated. For the early experi ments the total time of application was largely controlled by the availaole water-supply and was often limited to one-half hour. In most cases the rate of runoff became constant before the end of a half-hour. The entire sprinkling apparatus and study-plat are enclosed with canvas curtains to provide a shield from winds, which tend to reduce uniformity of application.
The rate and amount of soil-erosion are determined from runoff-samples taken at various in tervals throughout the runoff-period. In most of the experiments reported in this paper, soillosses were due to sheet-erosion and in only a few cases was gully-erosion induced by applica tion of rain. Since the soil-losses were not large in most of the experiments, it Is believed that the volume of soil in the runoff did not materially affect the volumetric measurements of the latter.
Characteristics of study-sites and soils--Due to the variety of topography, soil, climate, and plant conditions found in southern Arizona, it is evident that controlled-plat experiments may not incluae all types of country. Physical limitations made it advisable to conduct the ex periments in lower watershed-areas which are or might be included in a soil-and-water conserva tion-program and for which little information is at present available. Sites chosen are charac- Since, with a few exceptions, each site represents in general a different soil-type and different cover-condition, it is believed that averages of all the experiments at a given site will show, as far as the number of experiments performed" are adequate, true differences due to soil and cover.
An experiment was counted as a dry run if it was the first or initial run on a plat made under existing conditions of field-moisture which for most of the experiments were quite low, surface-soils frequently being nearly in an air-dry condition. A run was designated as a wet run if it followed a dry run usually within 24 hours. In many cases the soils were nearly at field moisture-capacity when the wet run was started.
It will be noted in Table 2 that there were marked differences in the value of the constant infiltration-capacity fc for both the dry runs and the wet runs at the different sites. In gen eral, there was a different slope at each site, but since infiltration-capacity is but little affected by slope, as shown later, this does not account for the difference. Part of the dif ference is, however, due to seasonal variations as runs at different sites were made in differ ent months. Aside from this it appears that the differences in fc at the different sites are chiefly representative of soil-and cover-conditions though the latter factor Is of lesser im portance since the cover was very sparse on most of the sites studied.
With respect to runoff-characteristics, the runoff-exponent M is generally higher at a giv en site for wet than for dry runs, seeming to indicate a smoother surface. Indications are that values of the roughness-factor n are generally lower for wet than for dry runs on a given site except where the soil-surface is susceptible to severe checking and cracking between runs such as on sites 10 and 15. Increase of M and decrease of n both correspond to increased facility of runoff. Such differences between wet ana dry runs have not heretofore been noticed and are probably due in this case to the effect of the initial wetting on the vegetal cover and on the soil-surface itself.
Since most of the sites had little or no plant-cover, the rate of erosion seems to be a function of otner surface-conditions such as soil-puddling and erosion-pavement. Presence of the latter appears to be responsible for low rates of erosion on sites 5, 6, 7, 16, 19, and 20. The effect of slope on erosion is not clearly shown in these experiments since the range of slopes is small except on sites 5, 6, and 7 where the erosion-pavement prevented active soil-removal.
Averages of the principal factors for dry and wet runs and for all runs are shown in Table 3 .
A slight reduction in initial infiltration-capacity f0 and a marked reduction in constant infiltration-capacity fc from dry to wet runs are indicated-The time tc required for infiltra tion-capacity to become constant was less for the wet than for the dry runs. The infiltrationcapacity constant Kf showed a marked increase from dry to wet runs. The runoff-exponent M showed an increase and the index of turbulence I showed a decrease from dry to wet runs. The runoff on the whole was almost fully turbulent. The roughness-factor n shows a significant decrease from dry to wet runs. Column (II) has been included showing the ratio of runoff-intensity to the constant supply-rate (i -fc). qe is the runoff-intensity at the end of the application of water. This should be equal to the supply-rate (i -fc) with constant infiltration-capacity. It will be noted that the experiments show the ratio of these quantities to be very close to unity in all cases, as it should be In accordance with the infiltration-theory of surface-runoff.
The average infiltration-capacity curves derived from all of the experiments and for wet and dry runs respectively are shown in Figure 1 . Figures 2, 3, 4 , and 5. These hydrographs cover a variety of examples of different sites with different slopes, soils, and duration of experiments.
Characteristics of hydrographs--The hydrographs for a number of experiments are shown in
All of the infiltration-curves have similar shapes, beginning with high values and declin ing rapidly for the first ten minutes after which they continue to decline slowly until a nearly constant rate of infiltration is reached. The runoff-curves show distinct waviness in many in stances, especially after the flow becomes stable. The presence or absence of waviness does not appear to be closely related to soil-surface or cover-conditions but there is an indication though perhaps not significant of a relation to slope and erosion. The wave-crests vary in time from eight minutes on the steeper slopes to 13 minutes on the flatter slopes.
Relation of slope to infiltration--No consistent variation of the runoff-coefficient Ka (in terms of 6) with increasing slope could be established from these experiments. This was probably due to the fact that the effect of slope is partly masked by seasonal variations but in the main it is due to variations in soil-type, soil-surface, and cover-conditions concomitant with the different slopes. In dealing with natural watersheds, the ecological relationships must be carefully considered. Most individual soil-types do not occur on a wide range of slopes without change, a range of ten per cent being perhaps above the average. Vegetative types likewise vary somewhat with soil-types and topographic aspect.
The infiltration-capacities of soils occurring on low slopes (less than three per cent) In this region seem to be much more variable and, when unprotected by a good vegetative cover, are probably lower than for soils occurring on steeper slopes. This is due to the fact that the flatter areas are subject to alluvial processes of deposition and removal and contain fine sandy, . 89
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Us 3- cover, 19 small burro weeds removed, 28 snake weeds cent; cover, fair cover of spring annot removed) nuals and considerable annual grama litter) silty, and clayey soils which permit ready infiltration of water only when their surfaces are kept in a favorable condition. When a good growth of grass and plant-litter cover these soils, they may have higher infiltration-capacities than adjacent more steeply inclined and also more sparsely vegetated slopes. They may, as areas of natural water spreading, be able to absorb not only most of the rainfall but also considerable runoff from contributing slopes. When the natural balance has been upset, however, and the vegetative cover has deteriorated due to ero sion or some other cause, these flat-lying soils often tend to puddle and seal over. Several of the experiments show large variations in infiltration-capacities within a slope-range of one to three per cent on the same general soil-type.
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In order to eliminate variables due to soil-type and cover, experimental data for sites 5, 6, and 7 (Table 2) can be best used to note the relationship between slope and infiltration. These three sites in themselves perhaps do not furnish sufficient data to establish conclusively a slope infiltration-relation but they are typical of other experiments conducted recently and not included in this report. These sites having slopes of 5.0, 9.0, and 13.7 per cent are on the same soil-type located within 150 yards of each other on the same exposure, and have nearly the same soil-surface conditions. They are nearly identical from the standpoint of cover, being bare except for very little annual plant-debris and some leaves from surrounding creosote-bushes. No significant relationship between slope and infiltration is evident in these sites nor in other sites not reported in this series of experiments, all tending to bear out the conclusions of other experimenters such as Duley and Hays [2] and Neal [3] . It would thus appear tnat other factors including cover, soil-surface and profile being equal, no significant correlation exists between slope and infiltration.
The roughness-factor--The roughness-factor n given in Table 2 has the same general meaning as the roughness-factor n in the Manning formula for flow in channels. However, in the latter case the resistance is chiefly that of true boundary-rugosity, while in the case of surfacerunoff the resistance due to the surface itself may be relatively small compared with the re sistance due to eddies, ineffective slope, and vegetation or other surface-obstructions such as stones and gravel cnaracterizing the erosion-pavement on many of the sites reported in these ex periments.
It may be noted that values of n for the greater number of experiments are less than 0.100 and in many cases are less than 0.050 or of the same order as the values of n appurtenant to stream-channels. Where high values of n exist such as those above 0.10, a large amount of re sistance is indicated due to causes other than boundary-rugosities. These facts taken together indicate (1) that the true surface-or boundary-resistance due to rugosity on these soils is of the same order as that for natural stream-channels, (2) that the highly increased resistance oc curring in a number of cases is due to surface-obstructions which may be either vegetal cover, plant-debris, or stones and gravel. The latter would have the same effect as grass in Increasing frictional retardation but in addition would materially reduce the effective cross-section and the result would be a large increase in the value of n, which Is computed on the basis of the entire cross-section being effective.
While the particular sites on which these experiments were made had sparse covers of vegeta tion and in some cases had bare soils, it is apparent that even the limited amount of ephemeral plant-growth together with scattered shrubs furnish debris which may have an important bearing on infiltration and runoff. Vegetal cover and litter may operate to increase the resistance in a variety of ways: (1) By subdividing the flow and greatly increasing the wetted perimeter; (2) by forming complete or partial debris dams on the soil-surface, through which the runoff filters slowly, with greatly increased resistance and loss of effective head or slope. The conditions at some of the sites where these experiments were carried out seem to have been peculiarly adapted to the occurrence of the latter phenomenon. It was noted on many plats that, while little plantgrowth and litter were prominent on the surface before the initial run, after an application of three inches of rain, debris-dams were built up in various parts of the plat from plant-material which had originally been scattered on the surface and had been partially incorporated in the surface-soil horizon.
The soil-surface itself when in a dry condition assumes a certain roughness due to trampling effect of either one or a combination of livestock, wildlife or humans, shrinkage during the drying process, as well as other factors. Roughness due to these influences as well as that of scattered plant-materials is somewhat ironed out after an application of rain. The loose plantdebris becomes segregated into rows and dams and the attached material is more or less lined up with the direction of flow down the slope, thus offering less total resistance to runoff. Indi cations are that the larger depressions which are most evident in observing depression-storage are somewhat filled in with soil during the first application of rain on a plat and are thus less effective during the wet run.
The roughness-factor has an important bearing In relation to runoff-retardation, since high values of the roughness-factor correspond to low values of the runoff-coefficient Ks and low runoff-intensities and increased duration of rain necessary to bring the runoff-intensity up to equality with the supply-rate (i -fc). In fact, it is through increased resistance to surfacerunoff that vegetation acts in part to reduce soil-erosion and promote infiltration. This comes about partly through reduced velocity of overland-flow, partly through increased depth of surface-detention and consequent increased infiltration of water remaining on the ground when rainfall-excess ends.
Seasonal variation of infiltration-capacity--Normal climatic conditions in southern Arizona include two rainy seasons--the summer and winter. The former usually extends from July through September and the latter from December through March. The late spring and fall are very dry es pecially the spring which during many years is practically rainless. This means that surfacesoils of the lower elevations are often nearly in an air-dry condition just preceding the summer rains. Usually the average soil-moisture is maintained at a higher level during the winter rainy season than during the summer since little water is lost as runoff during the low-Intensity rains, evaporation is much lower, and plant-growth with resulting transpiration-losses Is less active during the winter.
It is not believed that the series of experiments reported in this paper lend themselves well to a study of seasonal variations of infiltration-capacity since experiments were conducted on different sites and soils throughout the year. Later experiments, however, are in progress in which repeat runs are being made on the same site. To date a number of runs have been made on several sites during the summer and again during the winter, the initial soil-moisture being nearly the same, and in most cases the infiltration-capacity is definitely lower during the winter (cooler months) than during the summer (hotter months).
Part of the seasonal variation of fc is probably due to temperature and part to biological activities within the soil which are influenced by temperature as well as by soil-moisture. Ac tivities of insects and other soil-fauna as well as microbiological activities are largely con trolled by soil-moisture conditions as well as temperature. Studies in progress at tne University of Arizona indicate that microbiological activity in range-soils is much greater during tne hot ter than during the cooler periods of tne year and also increases during periods of higher soilmoisture.
